The relationship between birth weight and body composition at later stages in life was not studied previously in anorexia nervosa (AN). The aim of the following brief report is to present results concerning the relationship between birth weight and later body composition specifically in AN, and to check if the programming of body composition from birth weight is still detected in severely emaciated AN patients. SUBJECTS/METHODS: One hundred and fifty-one female AN patients aged between 13 and 44 were recruited from 11 inpatient treatment facilities in France. Birth weight, body weight and height were obtained. Body composition was measured using bioelectrical impedance. Birth weight was significantly correlated to lifetime maximum body mass index (BMI; r ¼ 0.211, P ¼ 0.009) and significantly correlated to fat-free mass index (r ¼ 0.190, P ¼ 0.027) but not to fat mass index (FMI). RESULTS: This report confirms that even in AN when patients are severely emaciated and where fat-free mass (FFM) and fat mass (FM) are low, a link between birth weight and FFM and BMI can still be identified, independently from age. CONCLUSION: Further studies are needed on larger samples exploring other factors, such as gender, puberty and ethnicity.
INTRODUCTION
Several studies investigated the link between birth weight and body composition components (fat mass (FM) and fat-free mass (FFM)) in early adolescence and adulthood in the context of predicting obesity and cardiovascular risk in adulthood. 1 --7 In fact, there is a large corpus of literature on the relationships between birth weight and body composition at later stages in life, and on birth weight being one of the perinatal predictors of body composition, predicting obesity and cardiovascular disease in childhood or early adulthood. 1 --7 Singhal et al. 6 showed that heavier birth weight was associated with greater FFM, but not with greater FM, in children and adolescents. This association was independent from age, gender, pubertal stage, socioeconomic status and physical activity. Another study performed on female twins also showed a positive correlation between birth weight and FFM, and also height in adulthood (3.26 cm adult height/kg increase in birth weight). 1, 8 In the context of anorexia nervosa (AN), to our knowledge, no work has been done on birth weight and the programming of body composition in later stages of life in the condition of severe weight loss. AN is one of the most common chronic diseases in pediatrics with an evolution into adulthood for some patients; it is characterized by very low body mass index (BMI) and by an altered perception of weight and body image. 9 Few studies have investigated perinatal factors and AN later in life; one study found that in twins the one with the lighter birth weight was more likely to have a history of AN or other psychiatric disorders 10 whereas another found that birth weight had no link with AN. 11 AN is characterized by drastic weight loss affecting to different extent lean and FM depending on various factors such as physical activity, vomiting, laxative abuse and diet. Generally, weight loss is due to an extensive loss of FM, 12 thus body composition might be more susceptible to environmental influences such as weight loss rather than perinatal programming.
The aim of the following brief report is, first, to investigate on the relationship between birth weight and later body composition in AN and, second, to check if the programming of body composition from birth weight is still detectable in severely emaciated AN patients.
SUBJECTS AND METHODS Subjects
One hundred and fifty-one female AN patients were recruited consecutively and prospectively from 11 inpatient treatment facilities in France (CHU-Bordeaux Bouvard, CHU-Bordeaux Pommereau, Cochin---Maison des Adolescents, Institut Mutualiste Montsouris, MGEN---La Verriè re, CHUNantes, CHU-Rouen, Robert Debre hospital, Sainte-Anne hospital, SaintEtienne hospital, Villejuif---Paul Brousse). AN diagnosis was based on the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) criteria, obtained using the Eating Disorder Examination 13 and the Composite International Diagnostic Interview 3.0 with the following BMI criteria: BMI o10th percentile up to age 17, and BMIo17.5 for 17 and older.
14 Four patients out of the 151 did not have a BMIo17.5 at admission, but 2 of them had moved from a BMI above the 97th percentile to a BMI on the 10th percentile relative to their age in the year before hospitalization, and 2 of them had had a BMIo17.5 in the preceding 3 months, but were admitted to a medicine unit and had gained weight just before their transfer to the psychiatry unit and inclusion in the study. Three patients out of the 151 did not meet the DSM-IV AN criterion D (amenorrhea, that is, the absence of at least three consecutive menstrual cycles), but they reported irregularity in their menstrual cycle. In fact, in the DSM-V this criterion is being revised and will be probably removed from the diagnostic criteria. The exclusion criteria were: (1) Patients who refused participation in the research, (2) patients not speaking and understanding French, (3) patients suffering from chronic diseases such as diabetes, Crohn's and other metabolic disorders, (4) a patient included once in the protocol could not be included again in case of a second hospitalization. All the nutritional assessments, including weight, height and bioelectrical impedance, were performed by trained personnel in the hospitals in the first 2 weeks after hospitalization.
This study was part of a larger one called EVAN (evaluation of hospitalization for AN (EVALHOSPITAM in French)---Eudract number: 2007-A01110-53, registered in Clinicaltrials). This study protocol was approved by the Ile-de-France III Ethics Committee and the Commission nationale de l'informatique et des libertés. Written informed consent was obtained from each patient before inclusion in accordance with the Helsinki declaration. Three hundred and five patients were eligible for the EVAN study and 245 patients agreed to participate in the study.
Anthropometry
Body weight was measured with standard beam balance scales (Omega-SECA, Hamburg, Germany) to the nearest 0.1 kg in underwear. Height was measured with a stadiometer (wall-mounted model 222-SECA) to the nearest 0.1 cm. The BMI in kg/m 2 was calculated as the weight in kilograms divided by the height in meters squared. Maximum lifetime BMI was calculated from the maximum lifetime weight and height for this weight, obtained from patient recall.
Birth weight was obtained for the 151 patients from the birth 'carnet de santé ' record. Low birth weight is defined by the World Health Organization and the United Nations International Children's Emergency Fund as weight at o2500 g (5.5 pounds). This is based on epidemiological observations that infants weighing o2500 g are B20 times more likely to die than heavier babies. 15 Birth weight o2500 g, more common in developing than developed countries, contributes to a range of poor health outcomes. 15 Body composition using bioelectrical impedance analysis Body composition was assessed in the first 2 weeks after admission thus allowing a time lapse for the stabilization of fluid and electrolyte status, likely to be affected by abnormal behaviors such as vomiting, purging and diuretic abuse. 16, 17 The principles for measurement of body composition by bioelectrical impedance analysis (BIA) have been previously described by Kyle et al. 18 BIA was measured using the Bioelectrical Analyzer (FORANA, Helios, Frankfurt, Germany) using an alternating electric current at 50 kHz and 800 mAmp and four skin electrodes (BIANOSTIC, DataInput, Darmstadt, Germany) positioned on the right wrist and ankle. The patient was in the supine position on a bed for 7 --10 min before the analysis and the skin was cleaned using 70% alcohol for better conductance. Resistance (R) and reactance (Xc) in Ohm were determined.
Choice of BIA equation. We recently compared five BIA equations validated in normal populations, with the dual-energy X-ray absorptometry (DXA) in an AN population. 19 We found that the Deurenberg equation 20 provided the best estimates of FM and fat-free mass (FFM) compared with DXA; the DXA is considered in AN to be the best clinical reference method for body composition measurements because no study has been done in AN using the 4-C model. 12 Van Itally et al. 21 adjusted on the measurements of FM and FFM for height, which allowed an independent evaluation of both FM and FFM from body size. In the present study, the fat-free mass index (FFMI ¼ FFM (kg)/height (m 2 )) and the fat-mass index (FMI ¼ FM (kg)/ height (m 2 )) will be used as indices of FM and FFM because we believe that adjustment for height in a heterogeneous sample like ours is essential for an unambiguous comparison. FFMI and FMI are relevant for comparison with other studies and for the expression of new reference data on body composition. 22 Ranges of FFMI and FMI were derived from polynomial regression equations for each of the BMI cutoffs (20, 
23
Negative values (n ¼ 3) for body fat were observed in the patients with the lowest BMI (11.55 12.57 and 13.34). They were discarded from the data analysis because they reflect the inadequacy of the BIA formula to calculate body fat in case of the extreme emaciation associated with massive body water expansion as reported earlier. 24 
Statistical analysis
Statistical analyses were performed using SPSS 17.0 (Chicago, IL, USA). All the variables are normally distributed; tests were done comparing a histogram of the sample data to a normal probability curve. Descriptive statistics were performed as a first step. Results are presented as means (s.d.). The relationship between birth weight and nutritional status indicators (BMI, FFMI, FMI and maximum lifetime BMI) and potential confounding factors (age) were tested using Pearson's correlations. Multiple regression analysis was used to adjust for age.
RESULTS
Seventy-four patients were restrictive-AN type (AN-R; 49%) and 77 were binging-purging-AN type (AN-BP; 51%). The clinical characteristics of the 151 patients are presented in Table 1 . Birth weight data show that 97.4% of the patients had a birth weight 42500 g. The mean birth weight was 3207 g ( ± 436 g) and the median was 3200 g. Maximum lifetime BMI showed that 8% of the subjects were overweight at some time in their lives.
Birth weight was significantly correlated to maximum lifetime BMI (r ¼ 0.211; P ¼ 0.009) and significantly correlated to current FFMI (r ¼ 0.190; P ¼ 0.027) but not to current FMI or to current BMI.
As FMI (kg/m 2 ), FFMI (kg/m 2 ) and maximum BMI (kg/m 2 ) are variables correlated with age (r ¼ À0.216; P ¼ 0.012; r ¼ À0.195; P ¼ 0.023 and r ¼ 0.188; P ¼ 0.021, respectively) and our sample is heterogeneous in age (20.22 ± 6.3 years), we adjusted for age; after adjustment FFMI was still explained by birth weight (b ¼ 0.202; P ¼ 0.017) as was maximum BMI (b ¼ 0.198; P ¼ 0.013). Birth weight was not found to predict height, before or after adjustment for age.
DISCUSSION
We identified a correlation between birth weight and FFMI at presentation to inpatient treatment and maximum lifetime BMI in a sample of 151 AN patients. Maximum BMI is usually the BMI before the onset of AN and thus the most representative of 'normal' BMI that a patient has had. 25 Our findings are in line with several studies that have shown consistent results in demonstrating positive associations between birth weight and later BMI 4, 26 or nonsignificant associations with birth weight. 5, 6 However, it is important to keep in mind that these studies used different age ranges, body composition measurement techniques and statistical approaches to analyse body composition data. In patients with AN, alterations are represented mainly by an extensive loss of FM, suggesting a preferential loss of body fat. 12 Nevertheless, there is also a loss in FFM but the extent of the loss depends on the level of exercise maintained by the patient. 28 Fat mass mostly acts as an energy reserve which is more dependent on environmental factors, and thus varies according to energy availability. 29 A possible explanation is that the loss of the relationship between birth weight and FM is seen in AN because FM is relatively more altered by the environmental factors rather than perinatal ones.
Our analysis was performed on AN patients at severe stages of their disorder (admission to inpatient treatment), yet the relationship between birth weight and FFM was still found despite the severe emaciation. The fact that fetal life is a critical period for programming later body composition is thus further confirmed even in severely emaciated patients.
Chomtho et al. 1 tried to explain the 'FFM programming' mechanism. They suggested that the number of muscle fibers is set before birth, with little hyperplasia during postnatal life, and also that infants that are small for gestational age show a greater deficit in lean mass. Cheek et al. 30 showed that the reduction in muscle mass in weight loss is mainly due to a reduction in cell size and cell mass rather than a reduction in the number of muscle cells. This suggests that in AN the programming of FFM is not affected by weight loss.
First limitation of our analysis is the wide age range in our sample because in children and adolescents BMI should be used with caution, as it varies according to the country's reference growth charts and age. 12 Second, we did not adjust for puberty stage (Tanner score), physical activity, social category and ethnicity, but only for age and height. Nor did we have data on the gestational age, which is important in order to relate birth weights to gestational age.
In conclusion, our report confirms that even in AN among patients that are severely emaciated and where FFM and FM are low, a link between birth weight and FFM and BMI can still be found independently from age. Further studies are needed with larger samples and exploring further factors such as gender, puberty and ethnicity with the aim now to collect sufficient mechanistic data to attempt to explain this relationship. Moreover, the findings of this study and future investigations might help clinicians better understand the effect of perinatal factors which will impact the nutritional status and body composition of AN patients at later stages of life. The measurement of body composition in AN is fundamental for having a complete nutritional assessment which will help in tailoring and personalizing the treatment and follow-up.
